We aimed to investigate the pharmacoeconomic efficacy of ivabradine and nebivolol in treatment of stable angina pectoris patients with left ventricular dysfunction prospectively. Pharmacoeconomic analysis was performed by using cost minimization analysis, and cost effectiveness analysis. After 6 months' treatment LVEF for the nebivolol group (17 patients, 50%) improved by (38 ± 6.5) to (41 ± 3.2), (p>0.05) and for the ivabradine group (17 patients, 50%) (37 ± 5.4) to (41 ± 2.3), (p>0.05), mean MET value in the nebivolol group increased from (3.7 ± 1.2) to (5.5 ± 1.6), (p>0.05), versus from (3.6 ± 1.5) to (5.5 ± 1.4), (p>0.05) in the ivabradine group, cost minimization analysis results showed a difference in the total cost of treatment was US$ 5288.7 in favor of nebivolol. The findings suggest that nebivolol is more cost-effective than ivabradine in the treatment of patients with left ventricular dysfunction.
Introduction
Atherosclerotic coronary artery disease is a chronic disease that progresses insidiously throughout a person's lifespan, being generally at an already-advanced stage at the time its symptoms become first manifest. Coronary artery disease often assumes a further compli -cated state, such as acute coronary syndrome, that can trigger patient mortality. In recent times, coronary artery disease mortality has decreased significantly in many European countries. However, >80% of all coronary artery disease deaths in our day occurs in developing countries.
Stable angina pectoris is a clinical condition that is frequently encountered with coronary artery disease. New tools are currently being developed for the diagnosis and prognosis of patients with stable angina pectoris. In addition to this, databases pertaining to stable angina pectoris treatment strategies are constantly evolving. This situation necessitates an update of the existing treatment strategies (Arrebola-Moreno et al., 2011) . It has been shown that mortality in chronic heart failure patients may increase in relation to an elevated heart rate. With regards to chronic heart failure mortality, it has been observed that an increase in heart rate of 1 beat per minute increases the mortality risk by 3%, while an increase in heart rate of 5 beats per minute increases the mortality risk by 16% (Borer et al., 2012; Swedberg et al., 2010) .
Ivabradine inhibits the pacemaker If current by slowing the diastolic depolarization slope in sinoatrial node cells in a dose-dependent fashion. When the available data regarding ivabradine is examined, it can be seen that ivabradine has the potential to slow-down the development of aterosclerosis, correct ischemia, and reduce the frequency of angina attacks, the prevalence of fatal and non-fatal myocardial infarction, and the rate patient hospitalization due to the said conditions (Borer et al., 2012; Swedberg et al., 2010; Fox et al., 2008) . The results of the BEAUTIFUL study (Fox et al., 2008) have demonstrated that ivabradine is a good choice for antianginal and antiischemic treatment, that it reduced the incidence of myocardial infarction and the need for coronary revascularization, and that it has a good tolerability profile when used in combination with other drugs. This study has also shown that ivabradine use represents an advancement in the treatment of stable angina pectoris patients with heart rates ≥70 beats per minute, and that the isolated decrease in heart rate caused by ivabradine decreased the occurrence of coronary events even in patients already receiving optimal cardiovascular protective therapies.
The efficacy of beta-blockers in treatment coronary artery disease and stable angina pectoris patients is established in the current guidelines (Tatarchenko et al., 2008; Tardif et al., 2009) . Among the different betablockers, nebivolol is a cardioselective agent that has long-term efficacy.
To the best of our knowledge, our study is the first to comparatively evaluate mono-and combination therapies of nebivolol and ivabradine as well as the early and six month late period efficacy of these drugs in stable angina pectoris patients with left ventricular ejection fractions (LVEFs) ≤40%.
Materials and Methods
The study was approved by the local ethics committee. A total of 50 stable angina pectoris patients under follow-up in our cardiology department with LVEFs ≤40% were included into the study. The patient distribution according to gender was 21 male patients and 29 female patients (Table I ). The age average was determined as 61 ± 5.1.
The patients were evaluated in 3 different groups (A, B, C). Only nebivolol was administered to the 17 patients included in Group A. Seventeen patients who could not tolerate nebivolol (due to COPD, bronchospasm, bronchial asthma, erectile dysfunction, asthenia, insomnia, coronary vasoconstriction, hypotension, and/or allergic reaction to active molecule) were started on ivabradine treatment, and these patients were included into group B. In group C, ivabradine and nebivolol were administered in combination to 16 patients who developed nebivolol intolerance and/or who could not achieve effective treatment despite separate nebivolol and ivabradine administration at the highest dose. The daily starting dose for ivabradine and nebivolol treatment was determined and administered by titration. The starting dose for ivabradine was initially determined as 5 mg/day (administered twice daily), which was later increased to an average of 10 mg/day, and to a maximum dose of 15 mg/day for patients in which treatment effectiveness could not be achieved. The starting dose for nebivolol treatment was initially 2.5 mg/day (administered one daily), which was then continued at an average of 5 mg/day. For two patients included in group A with whom optimal treatment effectiveness could not be achieved, the dose was increased up to a maximum of 10 mg/day. For group A, the average daily dose for patients using nebivolol was 6 ± 1.6 mg/day; for group B, the average ivabradine dose was 12 ± 2.5 mg/day; for group C, the average ivabradine dose was 10 ± 1.9 mg/day, and the average nebivolol dose was 4 ± 1.2 mg/day. In addition to this, the average hospitalization periods of the patients included into the study were calculated in order to assess drug efficacy.
Stable angina pectoris was diagnosed according to the ESC (Fraker et al., 2007) and ACC/AHA (Amosova et al., 2011) cardiology guidelines. According to the study criteria, patients with LVEF equal to or below 40% were included into our study. Forty nine patients were diagnosed with hypertension according to the World Health Organization Hypertension Association (WHO-HA). Seventeen patients were diagnosed with COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD, 2009).
The Seattle stable angina pectoris quality of life questionnaire (Seattle Angina Questionnaire -SAQ) was used to assess the quality of life of the patients included into the study. This questionnaire, which is constituted of five categories, was completed twice by the patients during the study, first before the beginning of treatment, and once again 6 months later, to measure the dynamic slope. The questionnaire respectively evaluated the physical limitation (PL), angina stability (AS), angina frequency (AF), treatment satisfaction (TS) and disease perception (DP) of the patients. When performing calculations for the questionnaire, whose questions were each scored between 1 and 6, the following formulas were used: PL= 100% x (Q1 + Q2 + Q3 + Q4 + Q5 + Q6 + Q7 + Q8 + Q9 -9)/45. . Reference values were accepted as follows: -11 and below were considered as high risk, -10 to +4 as moderate risk, +5 and above as low risk. Based on the NHYA classification, the metabolic equivalent of task (MET) of the patients were categorized as follows: MET ≥7 was considered as class I, MET ≤ 5 as class II, MET ≤ 2 as class III, and MET ≤ 1 as class IV.
Spirometry and peak flow meter monitoring were performed to measure pulmonary function. To measure the patients' renal function, the pre-treatment and sixth month post-treatment proteinuria (mg/g), microalbuminuria (mg/g), creatinine and glomerular filtration rates (GFR) were recorded. For the GFD measurements, the following MDRD formula was used: GFD (mL/ min) = 1.9 x (serum creatinine) -1.2 x (age) -0.2 x (0.7 for women).
Transthoracic echocardiography (ECHO) were performed with the Philips HD11XE device (Philips Medical Systems, Bothell, WA, USA), and the effort tests were performed with the Tepa Tm-Pro-2000 device (TM-PRO 2000, Tepa, Turkey).
Statistical analysis
All obtained statistical data were analyzed with "Statistica 10" programs. Non-parametric criteria were employed for intergroup statistical comparisons. The Wilcoxon matched pairs rank test was used to determine whether the intergroup differences were statistically significant, the Mann-Whitney "U" and "T" tests were used to determine independent values, and the Pearson (r) product-moment criteria was used for the measurement of the correlation coefficient.
Results
The patients were administered a diet for hypertension, hyperlipidemia and hyperglycemia. There were no changes in the levels of obesity and abdominal obesity during and after the study. Only 4 out of the 28 smoking patients informed that they had quitted smoking. The blood pressure values of patients with hypertension decreased to normal levels during and at the end of the treatment. The average post-treatment systolic and diastolic blood pressure values between the groups were measured as 128 ± 2.4 and 85 ± 3.5 for Group A, 129 ± 1.8 and 88 ± 3.2 for Group B, 126 ± 1.0 and 82 ± 1.2 for Group C. For the 23 patients with type II diabetes, the average post-treatment HbA1c value was measured as 6.7 ± 1.2%. For the 40 (80%) with dyslipidemia, the average post-treatment LDL value was determined as 101 ± 2.3 mg/dL.
A comparative table of the medications used by the patients during treatment, and the intergroup distribution of these medications is shown in Table II . At the end of the six month treatment, the number of patients using nitrates was determined as 4 for group A, 2 for group B, and 1 for group C. The number of patients using trimetazidine was determined as 1 for group A. No changes were observed in the trimetazidine-using 5 patients from group B and the 3 patients from group C.
The pre-treatment clinical values of the patients were compared. According to this comparison, the intergroup average heart rate was determined as 87 ± 2.1 beats/min. The intergroup LVEF average was determined as 35 ± 3.3. The intergroup monthly angina attack average was identified as 15 ± 1.1. The intergroup DTS average was recorded as -5 ± 1.1. The distribution of diastolic dysfunction stage, the stable angina pectoris distribution according to the Canadian classification, the intergroup distribution of the COPD stages, the intergroup distribution of WHO HA stages between the patients, and the intergroup distribution of NYHA chronic heart failure classes are provided in Table III .
In Table IV , we have presented a comparison of the data and results of the Seattle stable angina pectoris quality of life questionnaire (SAQ), which we have used to assess the quality of life of the patients included into the study. These data include the pre-treatment initial results and the sixth month results. According to the results of the quality of life questionnaire, significant improvements were observed in each group, with the positive changes in Group C patients being more significant in comparison to the other groups.
The pre-treatment and sixth month LVEF values of the patients were compared (Figure 1 ). Improvement was identified in all patients groups.
It was observed that improvement was more significant in Group C (36-44%), where ivabradine and nebivolol were administered in combination. An intergroup (Figure 2 ).
While no significant changes were noted between Group A and B, a more significant change was observed in Group C patients, who were administered with the ivabradine and nebivolol combination. While no hospitalization was observed in Group C patients starting from the fourth month, absence of hospitalization was noted for Group A and B patients by the end of the fifth month.
A significant improvement in the diastolic indices was observed within the context of the pre-treatment and post-treatment intergroup comparisons (Table V) . According to these comparisons, an equal level of improvement in diastolic function was observed in the Group A nebivolol-using patients and the Group B ivabradine-using patients, while a more significant improvement was observed among patients included in Group C, who used both ivabradine and nebivolol in combination.
In the MET analysis performed according to the results of the effort test, an improvement was observed in all groups that were included into the study. According to the intergroup comparison, the most significant value (3.4 ± 5.7 MET) was achieved among patients included in Group C (Figure 3 ).
In patients whose heart rate could not be reduced to the desired levels with monotherapy, a significant decrease was observed in the pre-treatment and sixth month follow-up periods with the administration of ivabradine and nebivolol combination (Figure 4 ). Dose-related sinus bradycardia occurred in 1 (2%) of the nebivolol-using patients included in Group A. Following a decrease in the preparations' dose, the patient's heart rate returned to normal levels.
No medication or medication dose-related side effects or drug intolerances were observed in ivabradine-using patients included in Group B. Only transient, photopsia -related ophthalmic phosphene was observed at the beginning of treatment in 2 patients. Drug use was not interrupted, and the side effect resolved on its own in 48 hours.
Headaches were observed in 2 of the nebivolol-using patients included in Group A. Symptomatic treatment Em/Am 0.9 ± 0.9 1 ± 3.5 a 0.9 ± 1.1 1 ± 3.7 a 09 ± 0.1 1 ± 3.6 a a p<0.05; b p<0.01 In our study, ivabradine's effect on laboratory test values was investigated. It was accordingly observed that ivabradine did not have a negative effect on liver enzymes (ALT, AST). To assess renal function, the glomerular filtration rates (GFR) were measured in patients using both ivabradine and nebivolol. The MDRD formula was used for these measurements. The GFR values were observed at normal levels. The proteinuria, microalbuminuria and creatinine values were also assessed. No significant changes were observed in these parameters.
Pulmonary function measurements were performed on ivabradine-using patients included into Group C. The measurements were performed with spirometers and peak flow meters. In the measurements, no negative drug effects that might adversely affect the course and prognosis of COPD, bronchospasms, bronchial asthma and other respiratory system diseases were observed.
Among patients treated with monotherapy and combination therapy, comparisons were performed regarding ivabradine and nebivolol's effects on the lipid and glycemic profiles, on peripheric artery disease, and on renal functions. During treatment and at the end of the six month period, effects that concealed the symptoms of low blood sugar (fluttering, tachycardia) were observed in diabetic patients using ivabradine and nebivolol; however, these drugs did not have any negative effects on the lipid profiles. In contrast to nebivolol, erectile dysfunction was not observed among ivabradine-using patients.
Nebivolol-induced bronchospasm, erectile dysfunction, asthenia, insomnia, coronary vasoconstriction, hypotension and/or allergic reaction to active molecule were observed in 17 patients with pre-existing COPD and bronchial asthma. These were not observed in ivabradine-using patients.
Discussion
In our study, we have compared the effects of monoand combination therapy with ivabradine and nebivolol in stable angina pectoris patients with LVEF ≤40%. No notable differences were observed in comparisons of nebivolol and ivabradine monotherapies' efficacy on the LVEF (nebivolol -LVEF 38-41%; ivabradine -LVEF 37-41%). In patients administered with a combination of ivabradine and nebivolol, it was observed that the LVEF increased from 36 to 44%. In the SHIFT (Swedberg et al., 2010) and BEAUTIFUL (Fox et al., 2008) studies, Ivabradine was reported as having no adverse effects on the LVEF. The results of the BEAUTIFUL study (Fox et al., 2008) have demons-trated that ivabradine is a good choice for antianginal and antiischemic treatment, that it reduces the incidence of myocardial infarction and the need for coronary revascularization, and that it has a good tolerability profile when used in combination with other drugs. This study has also shown that ivabradine use represents advancement in the treatment of stable angina pectoris patients with heart rates of ≥70 beats per minute, and that the isolated decrease in heart rate caused by ivabradine decreased the occurrence of coronary events even in patients already receiving optimal cardiovascular protective therapies. In their efficacy study on ivabradine and nebivolol combination therapy performed with 92 patients, Tatarchenko et al. (2008) observed no difference between these two drugs with regards to antianginal, antiischemic and antitachycardia efficacy.
Our study's results are in parallel with the above mentioned studies. In addition, we observed a positive increase (36-44%) in our study on the LVEF with the ivabradine and nebivolol combination. In patients evaluated for antianginal, antiischemic and antitachycardia efficacy, an efficacy as significant as that of nebivolol (6 ± 1.6 mg/day) was obtained with an average ivabradine dose of 12 ± 2.5 mg/day. When ivabradine at a dose of 10 ± 1.9 mg/day was combined with an average nebivolol dose of 4 ± 1.2 mg/day, we observed that the efficacy of both drugs further increased, while the daily dose requirement and the patients' use of nitrate and trimetazidine decreased. In our study, the ivabradine and nebivolol combination provided better results (91-62 beats/min) in patients whose heart rate could not be reduced to the desired levels by monotherapy. Even at minimal levels, the daily dose of the two preparations displayed efficacy equal to that of ivabradine and nebivolol in reducing the heart rate. According to the data of the Associate study (Tardif et al., 2009) , the antianginal and antiischemic efficacy of ivabradine used in combination with beta-blocker therapy was evaluated when comparing the efficacy of ivabradine therapy. It was observed in the Associate study that patients administered with an ivabradine and beta-blocker combination therapy had better antianginal and antiischemic results than patients receiving an only beta-blocker therapy. It was also observed that the combination therapy group used less nitrate than the group using only BB. Amosova et al. (Amosova et al., 2011) have demonstrated that, for improving the exercise parameters in stable angina pectoris patients, providing combination therapy with ivabradine provided better results than doubling the dose of BB. They have also shown that ivabradine combination therapy had more than twice the efficacy of beta-blockers on the exercise parameters.
There is no clear data in the literature regarding BB usage in patients with coronary artery disease and COPD (Ashrafian and Violaris, 2005; Camsari et al., 2003) . In addition to this, studies have shown that 34-36% of COPD patients also have coronary artery disease, and that this situation nearly doubles the patients' hospitali-zation and mortality rates (Curkendall et al., 2006; Mapel et al., 2005; Sidney et al., 2005) .
In our study, the effects of the ivabradine and nebivolol mono-and combination therapies on the respiratory system were evaluated. According to our study's results, ivabradine has not demonstrated any activity or effect that might lead to pulmonary dysfunction. In their study conducted on 60 patients, Akhmetzianova et al. (2012) have shown that ivabradine had no adverse effect on the pulmonary functions of patients with COPD and pulmonary hypertension. Our results have also demonstrated that ivabradine can potentially be used as an antitachycardia agent in patients with COPD, bronchospasm and bronchial asthma. We observed that nebivolol had minimal effect on pulmonary dysfunction when used in combination with ivabradine.
In our study, we have used the results of the effort test to compare the effect of the drugs on the MET value. An increase in the average MET values of the patients was identified following the administration of nebivolol and ivabradine monotherapies. It was determined that the increase in the average MET values was more pronounced following the administration of combination therapies with these drugs. To the best of our knowledge, our study is the first to be conducted on the comparative MET values of ivabradine and nebivolol in stable angina pectoris patients with LVEF ≤40%.
The effects of the ivabradine and nebivolol mono-and combination therapies on diastolic dysfunction were evaluated in our patients. During the pre-treatment and the six month treatment periods, ivabradine's efficacy on the diastolic parameters was found to be equal to that of nebivolol. It was observed that diastolic parameters were better in patients using nebivolol and ivabradine in combination than in patients receiving monotherapy. De Luca (2012) conducted on 111 patients with EFs below 50% described ivabradine's effect in improving diastolic parameters on its own. Our results support the findings of the above mentioned study. In addition to this, our results also indicate that the combination of ivabradine with nebivolol further increases its efficacy on the diastolic parameters.
In the quality of life assessment, it was observed that the improvement in patients administered with the ivabradine and nebivolol combination was more pronounced and significant. To the best of our knowledge, our study is the first comparative study to be conducted with the SAQ questionnaire on ivabradine and nebivolol-using stable angina pectoris patients with a LVEF ≤40%.
In our study, we have compared the rates of hospitalization observed with mono-and combination therapies of ivabradine and nebivolol in stable angina pectoris patients with LVEF ≤40%. Among patients included into Group A and B, no hospitalization was observed by the end of the fifth month. While no significant differences were noted between these two groups (Group A and B), a more significant change was observed in Group C patients, who were administered with the ivabradine and nebivolol combination. Our study supports the findings of the SHIFT (Swedberg et al., 2010) and BEAUTIFUL (Fox et al., 2008) studies.
In our study, both the mono-and combined therapies of ivabradine and nebivolol have not adversely affected the lipid values and liver enzymes of the patients. However, as ivabradine and nebivolol tend to conceal the symptoms of low blood sugar (fluttering, tachycardia), they should be used cautiously in diabetic patients.
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We have determined that the frequency of side effects observed in ivabradine monotherapy (such as dose intolerance-related bradycardia and photopsia-related ophthalmic phosphene) as well as the frequency of side effects that may develop as a result of nebivolol monotherapy (such as bronchial asthma, bronchospasm in COPD patients, erectile dysfunction, asthenia, insomnia, hypotension, sinus bradycardia and headache) decreased or remained at minimal levels when a low dose combination of these two drugs was used. We believe that providing a combination of nebivolol and ivabradine at lower doses instead of using maximum doses of the two drugs in monotherapy would provide a safer approach with regards to the side effect profile.
Conclusion
Ivabradine can be considered as an alternative antiischemic and antianginal agent, as well as an agent for reducing cardiac rhythm, for left ventricular dysfunction patients with sinus rhythm who have developed an intolerance to nebivolol, and for whom nebivolol on its own is insufficient for treatment. Among patients in which effective treatment could not be achieved at maximum nebivolol doses, more effective results were obtained in our study with the combination of ivabradine and nebivolol at lower doses.
